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Cross-resistance to many different natural product cytotoxic drugs occurs commonly in 
cultured cells. The most common mechanism of this kind of mutlidrug resistance 
results from the action of the product of the MDR\ gene (P-glycoprotein), an ATP- 
dependent efflux pump with an extremely broad substrate specificity. To date, 
approximately 100 chemically different substrates for the MDR\ pump have been 
identified, including anti-cancer drugs such as doxorubicin, daunorubicin, actinomycin 
D, taxol, vinblastine, vincristine, teniposide, etoposide, and topotecan, and many 
pharmacologically active agents including verapamil, quinidine, reserpine, and 
cyclosporines. The MDR1 pump is found in many normal tissues including epithelia of 
the kidney, intestine, and liver; capillary endothelial cells of brain and testis; and 
steroid-secreting cells of the adrenal and endometrium. These localizations suggest 
possible function in excretion of endogenous and exogenous metabolites, including 
steroids, and possible contributions to the blood-brain and blood-testis barrier. P- 
glycoprotein is expressed in approximately 50% of human cancers which are 
multidrug resistant, and preliminary clinical trials suggest that inhibition of the P- 
glycoprotein pump can improve the response of drug resistant tumors to 
chemotherapy. Sequence analysis indicates that P-glycoprotein consists of 1280 
amino acids organized into two homologous halves each containing 6 transmembrane 
domains and a nucleotide binding fold. 

Because of the clinical importance of P-glycoprotein, and because it is a senior 
member of the ATP-binding cassette (ABC) family of transmembrane transporters, we 
have taken several approaches to the study of its mechanism of action: (1) Molecular 
studies have focused on the effect of point mutations, chimeras, and deletions on 
substrate specificity and the activity of the nucleotide-binding folds; (2) Biochemical 
studies have emphasized photoaffinity labeling to identify drug binding sites, and the 
purification and reconstitution of active P-glycoprotein in proteoliposomes; (3) 
Physiological studies have examined the kinetics of drug uptake and efflux in an effort 
to determine how P-glycoprotein reduces intracellular drug accumulation. These 
studies have resulted in a model of P-glycoprotein as an ATP-dependent pump whose 
primary activity is to reduce the level of drugs within the plasma membrane: the so- 
called "hydrophobic vacuum cleaner." This model accounts for the complex kinetics of 
drug uptake and efflux which indicate that the pump is able to detect and eject drugs 
from the plasma membrane as they are entering the cell, for biochemical evidence 
indicating that the level of drugs within the plasma membrane is reduced, and for 
genetic and biochemical evidence implicating the transmembrane regions of P- 
glycoprotein in substrate interactions. We hope to test this model more directly with 
purified P-glycoprotein reconstituted into lipid vesicles. 
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